Background Patients with hand fractures often have pain, swelling, and stiffness in the joints of the hand, which may lead them to protect their hands, resulting in more stiffness and in delayed recovery. However, the effects of paincoping strategies and catastrophization (the tendency to expect the worst to occur when pain is present, an approach that can be thought of as the opposite of ''coping'') on
functional recovery after hand fractures have not been investigated in depth. Questions/purposes Are preoperative catastrophization and anxiety in patients with hand fractures associated with (1) decreased grip strength; (2) decreased range of motion; and (3) increased disability at 3 and 6 months after surgical treatment for a hand fracture? Secondarily, we asked if there are other patient and injury factors that are associated with these outcomes at 3 and 6 months. Methods A total of 93 patients with surgically treated hand fractures were enrolled in this prospective study. Preoperative assessments measured coping strategies evaluated by measuring catastrophic thinking with the Pain Catastrophizing Scale and pain anxiety with the Pain Anxiety Symptom Scale. At 3 and 6 months postoperatively, grip strength, total active range of motion, and disability (Quick Disabilities of the Arm, Shoulder, and Hand score) were assessed. Bivariate and multivariate analyses were performed to identify patient demographic, injury, and coping skills factors that accounted for outcomes of strength, motion, and disability. Results Decreased grip strength was associated with catastrophic thinking (beta = À1.29 [95% confidence interval, À1.67 to À0.89], partial R 2 = 11%, p \ 0.001) and anxiety (beta = À0.83 [À1.16 to À0.50], partial R 2 = 7%, p = 0.007) at 3 months, but by 6 months, only anxiety (beta = À0.74 [À1.04 to À0.44], partial R 2 = 7%, p = 0.010) remained an important factor. Decreased total active range of motion was associated with pain catastrophizing (beta = À0.63 [À0.90 to À0.36], partial R 2 = 6 %, p = 0.024) and anxiety (beta = À0.28 [À0.42 to À0.14], partial R 2 = 3%, p = 0.035) at 3 months but not at 6 months. Similarly, increased disability was associated with pain catastrophizing (beta = 1.09 [1.39-0.79], partial R 2 = 12%, p \ 0.001) and anxiety (beta = 0.93 [1.21- Each author certifies that he or she, or a member of their immediate family, has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research 1 editors and board members are on file with the publication and can be viewed on request. Clinical Orthopaedics and Related Research 1 neither advocates nor endorses the use of any treatment, drug, or device. Readers are encouraged to always seek additional information, including FDAapproval status, of any drug or device prior to clinical use. Each author certifies that his or her institution approved the human protocol for this investigation, that all investigations were conducted in conformity with ethical principles of research, and that informed consent for participation in the study was obtained.
Introduction
Psychological distress related to pain depends not only on the individual's awareness of the level of threat represented by the injury, but also the choice of coping strategies [24] . The patient's coping strategies such as catastrophization (the tendency to expect the worst to occur when pain is present, an approach that can be thought of as the opposite of ''coping'') and pain anxiety are normal protective responses to initial nociception [10] , but patients who depend on maladaptive and ineffective strategies to cope with pain often become impaired by their pain and maintain an inactive lifestyle [25] . For instance, patients with hand fractures often have pain, swelling, and stiffness in the joints of the hand, which may lead them to protect their hands, resulting in more stiffness and in delayed recovery [3] . Pain-coping strategies have been considered to be key factors that explain the magnitude of a disability or the intensity of pain for a painful illnesses [16, 25] , and maladaptive nociception (defined as disabling misconception regarding pain) with overcautious activity restriction has been associated with posttraumatic stiffness and delayed recovery in hand fractures [10] .
However, the effects of pain-coping strategies on functional recovery after hand fractures have not been investigated in depth. Prior studies demonstrated the effect of pain-coping strategies on patient-perceived disability in a cross-sectional study design without considering the context of functional recovery after acute hand injuries [3, 10] . In addition, the relationships between ineffective coping strategies and treatment outcome have not been comprehensively evaluated by both a self-report and objective measures of hand function.
We hypothesized that preoperative catastrophization and anxiety in patients with hand fractures would be associated with a (1) decrease in grip strength; (2) decreased ROM; and (3) perceived hand-specific disability at 3 and 6 months after surgical treatment for a hand fracture.
Secondarily, we asked if there are other patient and injury factors that are associated with these outcomes at 3 and 6 months.
Patients and Methods
In this prospective prognostic study, a total of 109 patients 18 years of age or older who had been scheduled to undergo surgery for a hand fracture between January 2013 and May 2014 were invited to participate. We defined hand fractures as including fractures of the metacarpal bone to the middle phalanx, which are associated with a higher risk of troublesome finger stiffness [1] . The patients were recruited from a tertiary care university hospital that serves as a regional emergency trauma center, and the institutional review board of the university approved this study. All patients were recruited preoperatively by a research assistant (MKC, a trained nurse) when they attended the orthopaedic outpatient clinic or when they were admitted to the ward after consenting for surgery, and all patients provided informed consent after the purpose and the procedures of this study had been explained. Surgical treatment was performed by one of two orthopaedic hand surgeons (JRB, YHR) with 16 and 9 years of orthopaedic experience, respectively, when the fracture pattern was unstable or if the fracture was intraarticular and created an unacceptable articular incongruity. Patients were excluded if they had systemic, multiorgan, or head injuries; a comorbid chronic pain condition; psychosis, bipolar disorder, or active substance dependence; or secondary gain such as from a workers' compensation dispute. Of 109 potentially eligible subjects, six subjects declined to participate in the study and five patients were excluded as a result of exclusion criteria, leaving 98 initial participants. Of those, 95 (97%) were available at 3 months and 93 (95%) were available at 6 months. We excluded patients lost to followup before 6-month evaluation, and 93 subjects formed the basis for all subsequent analyses (Table 1) .
A power analysis indicated that a sample of 93 patients would provide 81% of the statistical power with an alpha = 0.05 for medium effect size (f 2 = 0.15 [6] ) for linear regressions with five main predictors.
The overall severity of the injury was preoperatively evaluated with the Hand Injury Severity Scoring System (HISS) [5] . The HISS was designed to descriptively score the severity of hand injuries distal to the carpus. This score was created by assigning values for injuries to the integument (skin), skeleton (bone), motor (tendon), and nerves of each finger. The values are determined according to the area and extent of injury to each involved finger, and the sum of the values for each finger is multiplied with a constant assigned to each finger. The sum for all fingers comprises the HISS, which ranges from 0 (no injury) to 826 (theoretically assumed maximum severity). The injuries are categorized according to severity as minor (0-20), moderate (21-50), severe (51-100), and major (C 101).
The patient's pain-coping strategies were preoperatively assessed when the patients were enrolled in the study. Catastrophization was measured by using the Pain Catastrophizing Scale (PCS) questionnaire [17] . The PCS has been successfully used over a wide range of experimental and clinical settings, and it is one of the most widely used measures of this construct [10] . Sullivan et al. [22] indicated that the cutoff value for the PCS score for the ''catastrophizers'' versus ''noncatastrophizers'' is 30 points, which corresponds to the 75 th percentile (top quartile) in the data series used for validation. For the set of patients with acute pain, we determined the cutoff values for the PCS scores to be the 75 th percentile of our own data series. For our data set, the 75 th percentile cutoff value corresponded to 27.
The pain-related anxiety was evaluated by administering the Pain Anxiety Symptoms Scale (PASS) questionnaire [14] . A 20-item revised version of the PASS was used in the present study [13] . The PASS contains four subscales that measure the levels of various types of anxiety: cognitive anxiety, fear of pain, escape and avoidance, and physiologic anxiety. The total PASS-20 score ranges from 0 to 100, whereas the score for each five-item subscale ranges from 0 to 25. Here, higher scores indicate greater pain-related anxiety. We determined the cutoff value for the PASS-20 scores to be the 75 th percentile in our own data series because the cutoff values for the patients with acute pain have not yet been determined or validated elsewhere. For our data set, the 75 th percentile cutoff value was 35.
The patients returned for their functional assessment at 3 (11-14 weeks) and 6 (24-26 weeks) months after their surgical procedure. Two orthopaedic hand specialists assessed the finger motion range and grip strength, and a Quick Disability of the Arm, Shoulder, and Hand score (QuickDASH) was administered during each visit after the clinical examination. The investigators checked all returned questionnaires for completion, and the participants were assisted in completing the missing items.
The grip strength was measured by using a Jamar dynamometer (Asimow Engineering, Los Angeles, CA, USA) with the elbow flexed at 90°and the forearm in a neutral rotation. The data were recorded in kilograms, and then the values were changed as a percentage of the injured side relative to the noninjured side.
The range of hand motion was evaluated by the total active ROM (TAM) of the involved rays as the sum of the arcs of active motion of the metacarpophalangeal, proximal, and distal interphalangeal joints. The relationship between a disability of the upper extremity and restricted motion has been reported to be stronger for total finger flexion than for pulp to palm measurements [11] . The range of movement for involved rays was measured with the wrist in a neutral position, and data were recorded in degrees. The values were then changed as a percentage of the injured side relative to the noninjured side.
The patient-reported outcome was evaluated with an 11item QuickDASH [2] . QuickDASH has been shown to be reliable and valid in patients with upper extremity disorders, and it demonstrated similar reliability when compared with original DASH [9] .
Descriptive statistics were calculated to determine the patients' demographic and clinical characteristics. The Kolmogorov-Smirnov test was used to identify the normality of the variable distributions, and the relationships between the potential predictors (PCS, PASS, demographic variables, and injury characteristics) and the dependent variables (grip strength, TAM, and DASH score) were determined by using one-way analysis of variance or an independent t-test for categorical predictor variables. A multiple linear regression analysis with forward stepwise variable selection was conducted with marginal significance levels for entry and removal set at 5% and 10%, respectively. This approach was selected to minimize the collinearity between the predictor variables and to determine the independent predictors of the functional recovery after hand fracture surgery. We conducted a total of six regressions with two longitudinal regressions each for grip strength, TAM, and DASH. Statistical significance was accepted at p \ 0.05.
Results
Decreased grip strength was associated with catastrophic thinking (beta = À1.29 [95% confidence interval [CI], À1.67 to À0.89], partial R 2 = 11%, p \ 0.001) and anxiety (beta = À0.83 [À1.16 to À0.50], partial R 2 = 7%, p = 0.007) at 3 months (Table 2) , but by 6 months, anxiety (beta = À0.74 [À1.04 to À0.44], partial R 2 = 7%, p = 0.010) but not catastrophic thinking remained an important factor for decreased grip strength. Additionally, injury severity (beta = À0.72 [À1.03 to À0.31], partial R 2 = 6%, p = 0.014) and external fixation treatment (beta = À0.64 [À0.91 to 0.37], partial R 2 = 6%, p = 0.021) were associated with decreased grip strength at 3 months but not at 6 months. Higher age, on the other hand, was an associated factor at 6 months (beta = À0.61 [À0.75 to À0.37], partial R 2 = 6%, p = 0.021). At 3 months, pain catastrophizing, anxiety, injury severity, and treatment type collectively accounted for 29% of the variance in grip strength. At 6 months, anxiety, age, and injury severity accounted for 19% of the variance.
Decreased total active ROM was associated with pain catastrophizing (beta = À0.63 [À0.90 to À0.36], partial R 2 = 6%, p = 0.024) and anxiety (beta = À0.28 [À0.42 to À0.14], partial R 2 = 3%, p = 0.035) at 3 months (Table 3) . Also associated were injury severity (beta = À0.81 [À1.08 to À0.54], partial R 2 = 10%, p = 0.001) and treatment by external fixation (beta = À0.77 [À1.11 to 0.43], partial R 2 = 6%, p = 0.014) or plating (beta = À0.42 [À0.63 to À0.21], partial R 2 = 3%, p = 0.039). However, at 6 months, only injury severity remained an associated factor (beta = À0.88 [À1.11 to À0.65], partial R 2 = 13%, p \ 0.001). Similar to findings for grip strength, at 3 months, pain catastrophizing, anxiety, injury severity, and treatment type accounted for 27% of the variance in total active ROM. At 6 months, injury severity alone accounted for 13% of the variance.
Increased disability was associated with pain catastrophizing (beta = 1.09 [1.39-0.79], partial R 2 = 12%, p \ 0.001) and anxiety (beta = 0.93 [1.21-0.65], partial R 2 = 11%, p = 0.001) at 3 months (Table 4 ). However, these factors failed to be associated for 6-month outcomes. Other important factors for 3-month disability were the external fixation treatment (beta = 0.79 [1.11-0.47], partial R 2 = 7%, p = 0.014) and injury severity (beta = 0.85 [1.17-0.53], partial R 2 = 8%, p = 0.011). At 6 months, injury severity (beta = 0.97 [1.24-0.70], partial R 2 = 12%, p = 0.001) remained a predictor of disability, and age (beta = 0.86 [1.16-0.56], partial R 2 = 9%, p = 0.010) was found to be another factor. Similar to findings for grip strength and ROM, pain catastrophizing, anxiety, injury severity, and type of treatment accounted for 38% of the variation in disability scores at 3 months. At 6 months, injury severity and age accounted for 21% of the variation.
Discussion
Although the psychological mechanisms that underlie pain have been reported to be associated with chronic pain [26] , the effects of these mechanisms on the outcomes of acute fractures have not yet been well investigated. Ineffective coping strategies in patients with hand fractures are likely to be associated with prolonged symptoms and disability resulting from overcautious activity restriction, resulting in posttraumatic stiffness [16, 25] . However, the effects on functional recovery of these mechanisms after hand fractures have not been investigated in depth. The results of this study suggest that pain catastrophizing and anxiety are associated with postoperative grip strength, stiffness, and disability at 3 months after hand fracture surgery and that only anxiety is associated with decreased grip strength at 6 months. The limitations of the study include the lack of followup data on functional outcomes beyond 6 months after surgery, although some improvements in motion and grip strength are anticipated. A healing period of 6 months after injury was chosen to not lose too many patients during followup and also because the average time until the end of healing was reported to be less than 6 months for most hand injures [23] . Second, only one type of questionnaire (QuickDASH) was used to evaluate the functional outcome of the patients. A minimal difference that is clinically important or a responsiveness of questionnaire after the hand fracture will cause differences in the functional assessments that may lead to different conclusions. Third, the patient's functional baseline state, a potential factor that influences the recovery process, could not be examined because all patients presented after sustaining a fracture. Instead, the ratios of the grip strength and the TAM between the injured and uninjured hands were obtained for each measurement. Fourth, a considerable amount of variance in the outcome measures remained unexplained. With respect to the QuickDASH scores, only 38% of the total variance was accounted for in our multivariate analysis model. Thus, other conditions may also be related to hand function and disability, including socioeconomic factors, the level of physical activity, and other aspects of psychologic morbidity that were not measured in the present study. Fifth, cutoffs for PCS or PASS used in the present study have not been validated for acute trauma. The cutoff value of the PCS score has been validated only for chronic pain [22] , and continuous scores for pain anxiety and catastrophizing may limit the ability to select patients at risk within a clinical setting. Thus, we used the 75 th percentile cutoff value in our own data series. Sixth, five (5%) patients were lost to followup before the 6-month evaluation, and there were some missing questions and questionnaires in our cohort. We used mean imputation to deal with the missing data and this method is frequently used in clinical research [8] . Finally, the patients were limited to a single ethnic population drawn from an urban area of South Korea, and therefore their characteristics and results may not generalize to other populations. Catastrophization and anxiety affect grip strength recovery with anxiety having persistent effects beyond 3 months. Although psychological factors are known to affect patient-reported disability more than an objective measure of function [27] , considerable variances in grip strength (18% at 3-month followup) were explained by pain-coping strategies in our multivariate analysis model. The results are consistent with the findings presented by Bot et al. [4] who noted that pain anxiety affects grip strength and disability only in patients recovering from injury, and not in healthy individuals. Grip strength appears to be a reflection of both physical impairment as well as psychological factors [27] , and our results demonstrate an important role for pain coping in grip strength during early recovery from hand fractures.
ROM at 3 months is influenced by catastrophic thinking and anxiety; however, lack of coping mechanisms does not appear to have lasting effects in ROM recovery. Caution about painful movement is a normal aspect of illness behavior, but maladaptive pain perception and overcautious activity restriction negatively influence the recovery of ROM after orthopaedic injury [20] . Relationships between pain coping and ROM recovery in patients with hand fractures have not been systematically investigated, and ineffective pain self-efficacy (confidence in the ability to do things despite discomfort) was proposed as a potential predictor of finger stiffness in cases of finger ligament injuries [3] . Our results indicate that pain anxiety and catastrophic thinking in patients with hand fractures are significant predictors of hand stiffness in the early postoperative period.
Disability at 3 months, like grip strength and ROM, was influenced by catastrophic thinking and anxiety; however, lack of coping mechanisms did not affect disability at 6 months. Although there were no special intensified treatments between 3 and 6 months postoperatively, the influence of pain coping on disability was diminished at 6 months followup. The results are consistent with previous findings that psychical makeup is important in the healthy state but less important than anxiety or negative thoughts in response to pain in the context of recovery in patients with hand fractures [4] . It may be intuitive to assume that something must have gone wrong during surgery if patients do not recover well, but more severe symptoms or disability than are expected for a given physical state during early recovery may signal a patient's maladaptive nociception or ineffective coping strategy. This suggests that ineffective coping strategies could be addressed up to 3 months after sustaining a hand fracture to decrease the pain intensity and disability. In this regard, cognitive behavioral therapy, eg, exposure and acceptance therapy and relaxation training, are effective in improving coping strategies to reduce symptoms and disability for chronic musculoskeletal conditions [7] . Interestingly, age and injury severity were more important at late followup. Older patients with osteoporosis are prone to experience more severe fractures and may not be able to fully recover from their musculoskeletal injuries [18] . Conversely, only a preinjury functional state may be reflected rather than the outcome of the surgical treatment because there is no measure of the preinjury functional state. The relationship between HISS and the functional outcome after hand fracture surgery has been controversial. Some studies have reported a strong correlation between HISS and patientreported outcomes [12, 19] , whereas others have not shown any statistically significant correlation [15] . In the current study, HISS was associated with a decrease in QuickDASH scores up to a 6-month followup. However, statistically significant differences in outcome scores are not necessarily clinically important [21] and further analysis accounting for a minimal clinical important difference of the outcome instrument may be needed to determine whether significant associations (effects) are clinically important when making treatment decisions.
The patients' pain-coping strategies such as catastrophization and anxiety are associated with delayed recovery in patients with hand fractures, as evidenced by the scores for both the objective and subjective measures of function. Physicians and other healthcare providers may be able to improve recovery after hand fracture surgery by addressing patients' coping strategies, particularly in the first 3 months when there is the greatest correlation with objective and subjective measures of outcome. More research is needed to show whether early identification and treatment of these factors through psychological screening and cognitive-behavioral therapy will enhance the treatment outcomes in patients after acute trauma or surgical treatment.
